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'IHE DETERMINATION OF THE NICKEL-ELECTRODE CAPACITY FROM THE 
DROP I N  POTENTIAL AFTER TURNING OFF ?HE POLARIZING CURRENT 

V. E .  P a s t  and Z .  A. I o f a  

ABSTRACT. The i n i t i a l  p a r t  of t h e  p o t e n t i a l  drop curve re- 
corded withir. a spec i f i ed  time after tu rn ing  off t h e  po- 
l a r i z i n g  cu r ren t  is  used i n  determining t h e  capac i ty  of a 
n i cke l  e l ec t rode .  An osc i l lographic  apparatus ,  t h e  opera- 
t i o n  o f  which i s  descr ibed,  is used. 
tests i n d i c a t e  t h a t  t h e  capaci ty  of  t h e  e l ec t rode  i s  inde- 
pendent of  p o t e n t i a l  f o r  a given p o l a r i z i n g  cu r ren t  and 
t h a t  capac i ty  is  constant  within t h e  s p e c i f i e d  per iod of 
time. 
mental r e s u l t s  of s eve ra l  other  i n v e s t i g a t o r s ,  with t h e  
theory t h a t  hydrogen atoms are  not  adsorbed on t h e  sur face  
of  a mercury cathode i n  s i g n i f i c a n t  q u a n t i t i e s  and with 
t h e  theory t h a t  t h e  p o t e n t i a l  drop of t h e  cathode a f te r  
t h e  po la r i z ing  cur ren t  i s  turned o f f  i s  a func t ion  only of 
t h e  discharge of ions  from a b inary- layer .  
e l ec t rode  was t e s t e d  i n  H2S04 and NaOH so lu t ions .  

experimental  procedures a r e  described and f i g u r e s  and 
var ious  r eac t ions  a r e  furnished. 

The r e s u l t s  of t h e  

The r e s u l t s  are a l s o  i n  agreement with t h e  experi-  

The n i c k e l  
The 

A method o f  determining the  capacity of  an e l ec t rode  on the  b a s i s  of the  /1050* 
drop i n  p o t e n t i a l  a f te r  switching o f f  the po la r i z ing  cu r ren t  
t h e  s t a t e  of the  su r face  o f  the  e lec t rode  with t h e  flow of cur ren t .  

charac te r izes  

O f  p a r t i c u l a r  i n t e r e s t  i n  t he  determination of  e l ec t rode  capaci ty  is the  

is t h e  s t r eng th  of  t he  
i n i t i a l  p a r t  of t he  curve of  p o t e n t i a l  drop obtained a f t e r  time i n t e r v a l  t 
which satisfies the condi t ion:  2 .3  i t << Cb, where i 

p o l a r i z i n g  cu r ren t ,  C i s  the  capaci ty  of t h e  e l ec t rode ,  and b i s  a c o e f f i c i e n t  
i n  Tafel ' s  equat ion [l]. 

0 0 

Hickl ing and S a l t  [2]  managed t o  determine the  e l ec t rode  p o t e n t i a l  w i th in  

2 .  lo-' seconds af ter  switching o f f  t he  cur ren t .  An osc i l l og raph ic  apparatus,  
by which i t  i s  poss ib l e  t o  measure e lec t rode  p o t e n t i a l  wi th in  5.10-5 seconds 
a f t e r  tu rn ing  off  t h e  cu r ren t ,  was used i n  the  experiment o f  N .  A. Fedotov [3] 
f o r  determining the  capac i ty  of a mercury cathode on t h e  b a s i s  of t h e  curves 
of p o t e n t i a l  drop. 

In  our  experiment we used an improved osc i l l og raph ic  apparatus ,  which 
V. I .  Protserov helped t o  design, f o r  measuring the  drop i n  p o t e n t i a l .  

* Numbers i n  the  margin i n d i c a t e  pagination i n  t h e  foreign t e x t .  
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The measurement process cons is t s  of t he  following. When the  switch of 
the  osci l lograph i s  pressed the  scanning of a phenomenon i n  time is  ac tua ted  
and the  p o t e n t i a l  of the  e lec t rode  under examination r e l a t i v e  t o  an e lec t rode  
s e l e c t e d  f o r  comparison is  t ransmit ted t o  the input  of the  osc i l lograph .  
corresponds t o  the  i n i t i a l  ho r i zon ta l  pa r t  of the  curve on the  screen o f  the  
osci l lograph.  
scanning durat ion and the  p o t e n t i a l  of t h e  e lec t rode  changing i n  time is 
t ransmi t ted  t o  the  input  of the  osci l lograph.  
sc reen  of the osci l lograph is  photographed; t h e  oscil logram obtained is  
deciphered -tising a measuring microscope. 

This 

The po la r i z ing  cur ren t  is cu t  of f  f o r  about 1/10 of t he  

The pa th  of t he  beam on t h e  

The curve of p o t e n t i a l  drop consis ts  of a s e r i e s  of po in ts  which de te r -  
mine the  time s c a l e  (time marks). The d is tance  between the  marks  can be 
made t o  equal loe5,  10-4, o r  
c a l i b r a t e d  by t ransmi t t ing  a p rec i se ly  known amplitude of a1 t e rna t ing  cur ren t  
t o  the  inpu t  of the  osci l lograph from a potentiometer.  
f i e r  with an input  impedance of  100 Mi2 a t  maximum ampl i f ica t ion  produces a 
v e r t i c a l  image 1 cm i n  length p e r  1 mv of p o t e n t i a l  on the  screen of the  
os c i  1 lograph. The os c i  l lograph i s  powered by a1 t e rna t ing  cur ren t  by means 
of a power u n i t .  

seconds. The ax is  of the  p o t e n t i a l s  i s  

A four-s tage ampli- 

The operat ion of the  apparatus is checked by measuring the  vol tage drop 
of a discharging capac i tor  i n  the  c i r c u i t s  equivalent  t o  the  c e l l  with a time 

-4  constant  from CR = 10-1 t o  CR1 = 1.5.10 second. (C is  the  capaci ty  of the  1 
capac i tor  and R1 i s  the  p a r a l l e l  res i s tance  with the  s e r i e s  r e s i s t ance  not 

exceeding the  p a r a l l e l  r e s i s t a n c e  R > R 2 ) .  The r e s u l t s  of these  measurements 1 -  
l ed  us t o  conclude t h a t  the  e r r o r  i n  the determination of  capaci ty  under 
var ious  condi t ions of  v e r t i c a l  amplif icat ion and scanning ve loc i ty  (within the  
i n t e r v a l  of t from 10-5 t o  l o e 2  seconds).does not exceed + 4%. 

The e l ec t rode  capaci ty  is computed by a formula which e s t ab l i shes  the  
r e l a t i o n s h i p  between the  drop of over-voltage ( A n ) ,  time a f t e r  i n t e r rup t ion  
of the  cu r ren t  (t), s t r eng th  of the  polar iz ing  cur ren t  ( io )  and e lec t rode  
capaci ty  (C) : 

In  der iv ing  the  equation (1) i t  was assumed t h a t  t h e  value C becomes constant 
i n  t h e  s p e c i f i e d  range of values of  rl. 

/ lo51 

For t h e  purpose of f u r t h e r  checking the  operat ion of t he  apparatus,  as 
w e l l  as f o r  determining the  capacity of the  mercury e lec t rode  i n  a wider 
range of cur ren t  d e n s i t i e s  (10-5 - lo-’ a/cm2) than was done i n  the  experiment 
o f  N .  A. Fedotov [3] ,  measurements were made of t he  capaci ty  of an amalgamated 
copper wire  e lec t rode  i n  a 1 N so lu t ion  of H2S04. 

The r e s u l t s  obtained show t h a t  the  capaci ty  of the  cathode i s  independent 
of  t he  p o t e n t i a l  i n  the  spec i f i ed  range of d e n s i t i e s  of t h e  po la r i z ing  cur ren t  
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I .  

within the  l i m i t s  of accuracy of the  given method, and t h a t  t h e  capaci ty  is 
constant i n  time within the  spec i f i ed  i n t e r v a l  of t from 
The values found f o r  capaci ty  va r i ed  within the  l i m i t s  of 1 7  - 19 pF/cm2, 
which is i n  agreement with the  da t a  of o ther  authors [3,4].  
a r e  i n  agreement with the  theory t h a t  hydrogen atoms a r e  no t  adsorbed on the  
sur face  of a mercury cathode i n  quan t i t i e s  s u f f i c i e n t  t o  b e  measured by t h e  
s p e c i f i e d  method and t h a t  t h e  po ten t i a l  drop of t h e  cathode a f t e r  t he  cur ren t  
has been switched off i s  determined only by the  discharge of ions of a b inary  
e l e c t r i c a l  l ayer .  

t o  3-10-3 sec .  

These r e s u l t s  

Measurements with a n icke l  cathode were conducted i n  1 N H2S04 and 0.65 - 
0 .8  N NaOH so lu t ions  i n  1 atmosphere of hydrogen. 
su r f ace  of  the  e lec t rode  is  very important. Af te r  being cleaned with a f i n e  
g l a s s  powder and scoured, t he  n i cke l  e lectrode ( a  shee t  of  s p e c t r a l l y  pure 
n icke l  with a v i s i b l e  sur face  of 0 . 2  - 0.5 cm2) was ca lc ina ted  i n  a cur ren t  
of hydrogen a t  420' d i r e c t l y  wi th in  the measuring c e l l  and was immersed i n  
the  so lu t ion  without being exposed t o  the a i r .  

The prepara t ion  of the  

In a 1 N so lu t ion  of H2S04 the capacity f o r  high d e n s i t i e s  of po lar iz inq  

cur ren t  (lo-'  a/cm ) ,  which is  calculated on the  basis '  of the  f irst  poin ts  of 

amounts t o  20 - 25 uF/cm2 of v i s i b l e  surface.  
decreases  the  capaci ty  of t h e  e lec t rode  increases  t o  50 - 55 pF/cm2 f o r  

i = 3.10 a/cm . Figure 1 expresses the  dependence of the  i n i t i a l  capaci ty  

of a n i cke l  cathode on the  over-voltage i n  a 1 N so lu t ion  o f  H2S04. 

2 

the  curve of the  drop which correspond t o  the  time t = - 10- 4 s e c . ,  
As the  dens i ty  of the  cur ren t  

-5 2 
0 

Fig. 1. Dependence of the  Capacity 
of  Nickel Electrode i n  1 N Solut ion 
of H SO on Over-Voltage 17. Capa- 

c i t y  i s  Calculated from the  First 
P a r t  of t h e  Curve of P o t e n t i a l  
Drop a f t e r  the  Polar iz ing  Current 
is  Switched O f f .  
na t ions  Refer t o  Dif fe ren t  Experi- 
ments. 

2 4  

The Various Desig- 

F ig .  2. Dependence of the  Capacity of 
a Nickel Electrode i n  a 1 N Solut ion 
of H2S04 on Over-Voltage q t .  Values 

o f  Capacity a r e  r e l a t e d  t o  time t = 
= (5; 10; 15; 20; 25; 3O)*1Oe4 sec.  
a f t e r  t he  Current has been Switched 
Off. 
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Figure 2 shows the  change i n  capacity of a n i cke l  cathode according t o  
the curve of p o t e n t i a l  drop. 
the  cur ren t  has been turned of f  
reduct ion i n  t h e  p o t e n t i a l  of t he  electrode along t h e  curve of  drop. 
the value of C i n  t h i s  case does not  become constant i n  time, equation (1) 
i s  appl icable  f o r  the  curve of drop as a whole. 
first approximation f o r  a small segment of t h e  curve. 

The da ta  f o r  the  var ious moments of time a f t e r  
i nd ica t e  an inc rease  i n  capaci ty  with a 

Since 

But it i s  appl icable  i n  t h e  

We observed an analogous increase  i n  the capaci ty  of a n icke l  e l ec t rode  
with time t and a l so  an increase  i n  the capaci ty  with a reduct ion of cathode 

p o t e n t i a l ,  s t a r t i n g  with 20 - 25 uF/cm ( f o r  io - 10-1 a/cm ) t o  70 - 80 

pF/cm ( for  io = 3*10-4 a/cm ) i n  an a lka l ine  so lu t ion .  In the  experiment 

of P.  D. Lukovtsev and S. D. Levina [SI, who measured the  p o t e n t i a l  drop of 
a n icke l  e lec t rode  i n  a lka l ine  so lu t ions  v i s u a l l y  a f t e r  per iods ca lcu la ted  
i n  seconds, a s i g n i f i c a n t  decrease i n  the capaci ty  with time was a l s o  
observed a f t e r  t h e  po la r i z ing  cur ren t  was switched o f f .  

2 2 

2 2 
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2 The minimal values  of  capaci ty  20 - 25 pF/cm observed can be  regarded 
as similar t o  the  values  of a binary- layer  capaci ty;  i n  o t h e r  words the  
i n i t i a l  p a r t  of the  curve of p o t e n t i a l  drop i s  apparent ly  r e l a t e d  only t o  
the  discharge of ions o f  a b inary  e l e c t r i c a l  l a y e r  which flows according t o  

+ 
the  r eac t ions :  H + e -+ Hads, and H+ + e + Hads + H2. 

of 17 - 19 vF/cm f o r  a completely smooth sur face ,  the  values  which we 
obtained f o r  the  capaci ty  appear t o  be somewhat underestimated (we d id  not  
determine the coe f f i c i en t  of roughness, bu t  it was probably not l e s s  than 
1.5) . I n  seve ra l  experiments o f  o the r  authors [6 ,7 ]  , however, even lower 
values  than should be expected were obtained f o r  t he  capaci ty  of s o l i d  
e l ec t rodes  ( including n i cke l )  measured using a l t e r n a t i n g  cu r ren t ,  judging by 
t h e  value of 16 - 18 vF/cm2 f o r  the  mercury e lec t rode .  I t  may be assumed 
t h a t  the  mic ro re l i e f  of  the  s o l i d  surface has some e f f e c t  here .  The e f f e c t i v e  
p a r t  of t h e  sur face  of the  e lec t rode  i s  reduced when the  cur ren t  has high 
d e n s i t i e s .  As a consequence o f  the r e s i s t ance  drop i n  the  pores and micro- 
c a v i t i e s  t h e  l a t te r  a r e  no t  involved i n  the  propagation of  the  cur ren t .  
Therefore the  e f f e c t i v e  su r face  of  the  e lec t rode  is approximately equal t o  the  
v i s i b l e  surface. 
r e s u l t  i n  some reduct ion of the  binary- layer  capaci ty  [8]. I t  i s  f e l t  t h a t  
t he  unambiguous s o l u t i o n  of these  problems i s  not  poss ib l e  wi th in  t h e  frame- 
work of t h e  method under considerat ion.  

Because of t he  values  
2 

The presence on t h e  electrode of adsorbed hydrogen may a l s o  

The inc rease  i n  capaci ty  by measure of t h e  reduct ion of the  over-voltage 
i n d i c a t e s  the  presence on the  sur face  of the  n icke l  cathode of adsorbed 
e lec t rochemica l ly  a c t i v e  hydrogen which en te r s  i n t o  the  r eac t ion  according 
t o  t h e  equat ion:  Hads +- H+ + e,  r e su l t i ng  i n  the  dece lera t ion  of t he  drop 

i n  p o t e n t i a l  and an increase  i n  the  capacity of the  e lec t rode  as ca lcu la ted  
on t h e  b a s i s  of  the  curve o f  p o t e n t i a l  drop. 
of the  electrode-were covered with adsorbed hydrogen which could achieve 
equi l ibr ium i n  the  s o l u t i o n  under the  conditions of t h e  experiment, the  

If a la rge  p a r t  of t h e  su r face  
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magnitude of capac i ty  would have t o  be 1000 - 2000 uF/cm 2 . Thus the  r e s u l t s  
obtained by us show t h a t  f o r  values of  rl  exceeding 100 mv f o r  a 1 N s o l u t i o n  
o f  H2S04, and exceeding 150 mv f o r  a so lu t ion  of NaOH, t he  e lectrochemical ly  

active hydrogen, i . e .  capable o f  being ion ized  a t  t hese  p o t e n t i a l s ,  occupies 
only a small p a r t  of the  su r face  (for values of  exceeding 400 mv f o r  H SO 2 4  
and exceeding 550 mv f o r  NaOH, as we have shown, t h i s  cannot be  achieved by 
the  method under cons idera t ion) .  

me measurements of the  capacity of an i r o n  cathode according t o  the 
curves of p o t e n t i a l  drop i n  a 1 N so lu t ion  of  H SO 

60 uF  p e r  cm2 of v i s i b l e  sur face .  For t h e  i r o n  e l ec t rode  i n  an a l k a l i n e  
s o l u t i o n  ( 1  N NaOH) we obtained even higher values f o r  capaci ty .  A t  
r e l a t i v e l y  high cathode p o t e n t i a l s  (n  = 550 mv) the  capac i ty  of the  e l ec t rode ,  
as ca l cu la t ed  on t h e  b a s i s  of  t h e  f irst  po in t s  of t he  curve of p o t e n t i a l  
drop, amounts t o  150 - 200 pF/cm2 and sharply increases  with time a f te r  t h e  
i n t e r r u p t i o n  of t h e  cur ren t .  

y i e lded  values of 40 - 2 4  

In conclusion we wish t o  express our  h e a r t f e l t  g r a t i t u d e  t o  Academician 
A. N.  Frumkin f o r  h i s  a t t e n t i o n  and advice rendered during the  completion 
and cons idera t ion  of  t hese  experiments. 
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